Eight normotensive and eight essential hypertensive humans were studied when on high and low sodium intake. 
around smooth muscle cells,2 3 and to changes in amount and composition of extracellular fluid, among other possible causes. 4 Because unsalted food does not taste very good, most patients prefer to be treated with thiazide derivatives, which tend to deplete the body of sodium.10 Recent studies have investigated combined changes in body sodium and blood volume after treatment with thiazides."1 It seems well to know what these changes are when the body is deprived of sodium by dietary restriction alone.
During a study of relationships between alterations in exchangeable body sodium (ENa) and alterations of venous reactivity to postural changes, we have made measurements on a total of 22 patients on 50 different days while they received diets designed to produce marked changes in ENa. It has been EXCHANGEABLE SODIUM AND BLOOD VOLUME measurement by isotope dilution gives more reproducible estimates of such changes in body sodium content than do input-output studies. 13 As part of this study we also measured blood volumes, since changes in vascular filling could influence venous reactivity. In eight normotensive and eight essential hypertensive subjects we have records of both ENa and blood volumes when they were on a salt-loaded diet and again when they were receiving a salt-poor diet. We measured weights, hematocrits, and morning arterial pressures as well. These values and some relationships among them are reported here. The findings on venous reactivity are being prepared for later publication.
Methods
Subjects of this study were sixteen human volunteers, eight of whom were normotensive and free of known cardiovascular disease, and eight of whom were currently being seen for hypertension of unknown etiology (i.e., "essential" hypertension) at Talmadge Memorial Hospital in Augusta, Georgia. Both sets of subjects included males and females over a broad range of ages, weights, and heights. Normotensive subjects were six males and two females, ranging in age from 27 to 58 years (mean, 40 ± 10), in weight from 57 to 80 kg (mean, 66.4 ± 8.5), and in height from 157 to 183 cm (mean, 171 -+-8). Two were Negro; the rest were white. Hypertensive subjects were five males and three females, ranging in age from 19 to 56 years (mean, 41 ± 14), in weight from 52 to 93 kg (mean, 69.1 + 12.7), and in height from 153 to -180 cm (mean, 167 -+-9). Three were Negro; five were white. All hypertensive subjects were without active medication for at least 2 weeks prior to participation in this study. None showed evidence of hyperaldosteronism; serum potassium concentrations were in the normal range. Renal function was judged to be normal on the basis of normal blood urea nitrogen and serum creatinine concentrations and creatinine clearance values. None of the subjects gave evidence of cardiac failure before or during the study. No edema formation was detected during high salt intake. All subjects were hospitalized on the Clinical Investigation Unit during their time on the study, so that dietary sodium intake could be controlled and urinary output measured. All were ambulatory.
Diets
The low sodium diet contained less than 20 mEq sodium/day. The high sodium diet consisted Circulation, Volume XLIII, April 1971 of regular hospital meals plus supplementary salt to make the total intake at least 250 mEq sodium/day (15 g NaCl). In all but one patient, the supplement was in the form of tablets taken at mealtime. That one patient had the supplement added to his food. All patients were allowed to add salt to food from the shaker if they wished, when on high salt intake. Their high salt intake varied, therefore, but in all cases was well above even a "high-normal" intake of 10 g NaCl/ day.
Immediately after change in diet, urinary sodium outputs changed rapidly for about 3 days until they reached a new level. We waited until sodium outputs had passed this period of rapid change so that measurement of 24-hr exchangeable sodium could be made during a stabilized period. The total interval between change of diet and study day was at least 6 days, most often 7 days, and occasionally slightly longer. Stabilized daily sodium outputs on high and low intake, respectively, were 337 + 65 and 14 + 14 mEq for normotensives, and 297±95 and 26+ 17 mEq for hypertensives. Although these average values for the two groups differed slightly, there was considerable overlap, so that average normotensive and hypertensive outputs did not differ significantly when compared by t-test.
Measurements
Each subject's height was measured on admission. Body weight was measured each morning before breakfast, after the patient had voided. Nonplasma weights were calculated as: total weight -(plasma volume x 1.030). Systolic and diastolic pressures were measured by sphygmomanometer, with the patient supine and again after standing for 5 min. Mean pressures, calculated as: diastolic pressure + 0.40 (systolic minus diastolic), were used in analysis of changes with diet because they best reflect adequacy of tissue perfusion.14 Urine was collected, volumes were measured, and sodium concentration was determined by flame photometer.
Total Exchangeable Sodium
The 24-hr total exchangeable sodium (ENa) was determined for each study day, using 22Na (Abbott). On the morning of the day before the study day, a blood sample was withdrawn from the subject and centrifuged to yield serum for a 1 ml "blank" sample. Then Counts/min/ml of free 1311 were subtracted from counts/min/ml of the stock solution to yield effective counts/min/ml. The "zero time" radioactivity of the blood was determined by extrapolation of the slope of the line plotted on semilogarithmic paper from the radioactivity of 1-ml blood samples drawn 20, 40, and 60 min after injection of the isotope. Blood volume was calculated by: effective counts/min/ml of injected solution "instantaneous" (zero time) counts/min/mli collected for counting of radioactivity "lost" via the urine. Twenty-four hours after the injection, a blood sample was drawn for determination of serum 22Na activity by scintillation count. (Low concentration samples such as blood and urine were counted for 30 min.) Concentration of serum sodium was determined from this sample also. Total 24-hr ENa was then calculated as:
Cell volumes and plasma volumes were calculated by use of venous hematocrits. These were determined, in quadruplicate, by centrifugation of blood in capillary tubes. No correction was made for estimated difference between venous hematocrit and "whole body" hematocrit, since it was possible that "whole body" hematocrit could be altered in unknown ways in hypertensives, whose total counts/ min received -counts/ min lost in urine ENa = serum Na ( mEq/cml x counts! min/ml serum and the result was then divided by body weight to yield mEq/kg of ENa.
Blood Volume
Blood volume was measured on the moming of the study day, by dilution of 1311 (Risa-131, Abbott). The usual procedures'5 16 were followed, with certain technical modifications for improvement of accuracy and reliability. A description of these modifications follows. The measurement of samples containing high concentration of isotope was done by weighing the syringe, as described for the 22Na procedure. The measurement of "free" 1311 was judged necessary because unbound ("free") iodine is removed very rapidly from the circulating blood and should not be considered as part of the equilibrating quantity of injected 131I. To do so would give falsely high values for the diluting volume. To plasma/interstitial fluid relationships have been shown to be abnormal.5 For uniformity of procedure, we used only venous hematocrit for all patients.
Serum Electrolytes
Sodium and potassium concentrations of serum were determined by flame photometer for samples taken on the morning of the study day. These measurements were made in duplicate in each of two separate laboratories. Agreement between values from the two laboratories was good, usually differing by not more than 2 mEq/liter. When values were not identical, a calculated average value was used.
Results
Normotensive Controls (Table 1) These subjects had lower plasma volumes, lower nonplasma weights, and smaller amounts of sodium in the plasma at lower concentrations when they were on low salt intake than when they were on high salt intake. Hypertensive Patients (Table 2) As a group, these individuals showed no significant changes in blood volumes with diet. Their plasma volumes, as absolute values or as related to weight, showed no significant changes. When related to height, their plasma volumes were slightly smaller on low than on high sodium intake. Sodium content and concentration of plasma and nonplasma tissues were significantly smaller on low than on high salt intake. Total weight, and the nonplasma fraction of it, were both significantly smaller on low than on high sodium intake. Cell volumes remained relatively constant. The average hematocrits on both diets were comparatively high, reflecting hemoconcentration in some individuals. However, the variation within the group was such that these average values are not significantly greater than those of the controls. All (Table 3) These patients had expanded and contracted blood volume (plasma fraction only) with salt loading and restriction. They also showed changes in plasma sodium content with diet, but the changes in concentration (i.e., serum mEq/liter) were slightly more variable and did not meet the test of significance. Their changes in sodium content and concentration in nonplasma tissues were significant, as were the changes in weight of their nonplasma tissues. Hematocrits-of two of these individuals were high (>48) even on high sodium intake when their plasma volumes were relatively expanded (as compared to their own low-sodium plasma volumes). When sodium intake was low, the average wider margin between high and low sodium intake values, and each individual within this group did have lower mean pressure on low sodium intake. Even so, the average drop in pressure of 20 mm Hg did not meet the test of significance, probably because of the wide range of pressure differences (-4 to -46) and the small size of the group. The mean upright pressure on high sodium intake was significantly higher than normal, and the mean upright pressure on low sodium intake was not significantly greater than normal.
Low-Sodium Hypertensives (Table 4) These patients maintained relatively constant blood volumes (both plasma and cell fractions), sodium content, concentration of plasma and nonplasma tissues, and hematocrits, regardless of diet. All these values were comparable to those of normotensive controls on low sodium intake. They showed considerable variation in nonplasma weight, such that for the group the average changes were not significant.
These patients had higher than normal mean arterial pressures in both supine and upright positions, regardless of diet.
The observation that variable-sodium hypertensives had upright arterial pressures in the normal range when their salt intake was restricted, whereas the low-sodium patients maintained their high pressures, suggested that the drop seen in pressure could be related to the degree of depletion of exchangeable sodium. The variable-sodium hypertensives also lost plasma volume, and that, too, could conceivably be related to the pressure drop. Therefore, we calculated the correlations between the change in mean upright arterial pressure with diet, and all the other changes reported here. These correlations are presented in The most apparent conclusion that can be drawn from the results of this study is that the fall in mean arterial pressure seen in some hypertensive patients when on a low-salt diet is closely related to their loss of exchangeable sodium from nonplasma tissues. Interestingly, it was the change in pressure that was correlated with the change in nonplasma sodium. When we tested for correlations 21 This abnormality is especially striking if volumes are expressed in relation to body weight, and this was true of the patients reported here. The four "low-sodum" hypertensives had blood volume/kg values, when on high salt intake, which were significantly lower than comparable values for normotensives, and they showed virtually no change with diet. Thus, these individuals appeared to be regulating their blood volume so as to maintain it at a low level, comparable to that of normotensives on low salt intake, whether their actual salt intake was high or low.
What determines the amount of blood in the vasculature? Although much is known about the regulation of blood volume, clearly, much remains to be understood. Studies have shown that the volume of blood tends to vary closely with the longitudinal dimension of the body.'9 22 Since the main, large distributing and collecting vessels are oriented longitudinally, this observation suggests that the degree of filling of these large vessels is a major determinant of total blood volume. This idea would apply especially to the veins, which contain a larger proportion of the total blood volume than the arteries, and it concurs with the belief that volume receptors exist, at some point in the venous capacitance system, which function to maintain constancy of blood volume. '9 Following this line of reasoning, one can see that a short person who carries 20 lb. of surplus tissue (i.e., fat), requiring perfusion, would be at a greater circulatory disadvantage than a tall person carrying an extra 20 lb. It is interesting to note that shorter and heavier people are statistically more subject to hypertension. 23 
